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Recent NASA/DOE studies for the Space Exploration Initiative have demonstrated a critical
need for the ground-based testing of nuclear rocket engines. Experience in the ROVER/NERVA
Program, experience in the Nuclear Weapons Testing Program. and involvement in the new nuclear
rocket program has motivated our detailed assessment of the facilities used for the ROVER/N ERVA
Program and other facilities located at the Nevada Test Site (NTS). The ROVER/NERVA facili-
ties are located in the Nevada Research & Development Area (NRDA) on Jackass Flats at NTS,
approximately 85 miles northwest of Las Vegas. To guide our assessment of facilities for an engine
testing program we have defined a program goal, scope, and process. In particular we have assumed
that the program goal will be to certify a full engine system design as flight test ready. All nuclear
and non-nuclear components will be individually certified as ready for such a test at sites remote
from the NRDA facilities, the components transported to NRDA. and the engine assembled. \WVe
also assume that engines of 25,000-100,000 b thrust levels will be tested with burn times of 1 hour
ot longer. After a test, the engine will be disassembled. time critical inspections will be executed.
and a selection of components will be transported to remote inspection sites. The majority of the
components will be stored for future inspection at Jackass Flats. To execute this program scope
and process will require ten facilities. We considered the use of all relevant facilities at NTS in-
cluding existing and new tunnels as well as the facilities at NRDA. Aside from the facilities located
at remote sites and the inter-site transportation system, all of the required facilities are available
at NRDA. In particular we have studied the refurbishment of E-MAD, ETS-1. R-MAD. and the
interconnecting railroad. The total cost for such a refurbishment we estimate to be about 5253M
which includes additional contractor fees related to indirect. construction management, profit. con-
tingency, and management reserves. This figure also includes the cost of the required NEPA. safety,
and security documentation.
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Nevada Test Site Geographic Location
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Facilitics

Assessment Program Plan

# v Hymes JDO

* Phase 0. Preliminasies
- Formal charter from Jay Norman, Field Test Divislon Leader
- Notlfication of N. Aquilina, NVOO
- Notification of J. Stewart, NTSO
* Phase 1. Testing Prograin Design
- Define testing program goal, scope, and process
- Detarmina facilities raquired to execute testing program

* Phase 2: Facilitles Overview
- Survey of all relevant facililies at NTS
- Existing and new tunnels
- Vertical bore holes
- ROVER/NERVA facllities on Jackass Flats

* Phase 3: Facililies Assessment
- Determination of most caost effective lacilities
- Detalled functional assessineni
- Delailed cost astimating

* Phase 4; Operational Considerations

- Inlrastructure and support facilities
- Impact on other users of NTS and Area 25
- NEPA, salely, and security issues

Los Alamos

Program Goal, Scope, and Process
The New Nuclear Rocket Program

M ¥ Hymss, DO

*  Program Goai.
- Flight Teat Cerlily Design of Full Nuclear Rockel Engins Sysiem

¢ Program Scope:
- Test fire up to 100,000 LbF Thrusi engines for up ta 1 hour
- Testing capability for up to 6 tests snnually

¢ Program Process:

- Mission profile and flight sysiems specificalions determined.

- Develop enpine system design

- Develop and cerlily non-nuciear components at sites remoie rom
Engine Tes! Stand

- Develop and certify nuclear components at sites remote irom Engine
Test Stand

- Trangport all coinporients lor luit engine sysiem test to Engne
Assembly/Disassembly Facility

- Asgemble engine

- Transport engine to Engine Test Stand Facility

- Conduct all needad tests

- Transport engine 1o Engine Assembly/Disassembly Faciity

- Disaszssmble engine

- Conduct time critical inspections

- Package and ship components to remote inspection sites,

- Analyze resufta and determine sngine performance.

- Store engine components for future reterence near Assembly/
Disassembly Facility.

Los Alamos
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Nuclear Rocket Engine Test Facilities
Program Goal: Flight Test Certify Full Engine System
1. Transportation facllities for components DOT Casks
2. Non-Nuclear assembly facility -
. } Emap
3. Nuclear assembly/disassembly facility
4. Rocket engine test stand facility
. | eTs-
5. LH,/LN, & HP gas storage facility/tank farm
6. Transportation facilities between NTS sites NRDA RR
7. Time-critical inspection facilities EMAD
8. Storage facility for reference components RMAD
9. Storage facility for SNM components EMAD
: 10. Transportation facllities between remote
inspection sites DOT Casks
Yt 400 Los Alamos

EMAD Facility
Engine Maintenance, Assembly, and Disassembly Building

Ganatal Dasctiption.

- s«m In 1984 tor the -u-mhlv and pnpuullon of NERVA sngines for tasting,

ol hot tor testing, and disassembly

and delalied post mortem ir\lpoc{lon ol lested engines and components.
+ T-Plan multl-storked struciure, 280 %t by 350 Rt
- Dividad into 7 sep! ding (0 speciic k and traific How.

» Cold ly area; Hot mai end ty area; Post mortem ceils, High and low

fevel caile; Operating galinries, Shop and service area; Otlice eres

- Cold and hot sssembly and disassembly of major engine companents and full size engines
- Assembly line techniques appiied due to heavy work load.
- Spacial remole operated equipment instailed to enable rapid disassembiy

- Used for receipt and assambly of engines
- Thrae major sactions all 43 f1 high:
» Cora receiving area - 84 li by 72 Rt
*» Englne tacoiving nrea 221wy A6 1
* Cold enginoe sssambly area 21t by 144 1t

- Five majar sections al oqulppm with rectilinear and master-siave inanipulators,

cranss, viewing wi . M
» Msin hot bay --- 66 1 by 144 h by 77 ft high
3-8 ft thick walls for i and masler slave manipulaiors,

» Core disassembly and examination cell --- 46 It by 28 h

» Engine dmasswmbly and examination cell -- 48 ft by 28 h
» Crans maintenance baicony

* Hot and coid lranster tunnet

- Twalva indepsndanily shi relts with s hbel dnor openinps to a cominon call service area
- Each call prguipped uulv AMecint viewing witiiows, maslar sinve snnapoistors, transler carls, ant
Haed
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Summary of Final Assessment Results

J-Division Review of Nuclear Rocket Facilities at NTS

NRDA, Jackass Flats, Nevada

M. V. Hynes, J-D0

Determined general program goals, scope, and process for full engine system test.

Surveyed all possible facilities at NTS for application to program requirements.
- Tunnels, existing and new
- Existing ROVER/NERVA facilities

Determined that existing facilities on Jackass Flats have the most potential for
meeting program requirements in a cost driven assessment.

Cost estimated upgrade of existing facilities for New Nuclear Rocket Program to be
about $253M.

- Richardson and Means Formalism

- All additional fees included

Recommend pursuing upgrade of existing facilities out ot operating budget with
NEPA and Safety Analysis concurrent,

Estimated time to completion = 3 years.

Recommend feasibility study of scrubber design alternatives and optimization in FY83.
- Estimated cost = $350K

Recommend full conceptual design study in FY93.
- Estimated cost = $1M

Facilities
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ETS-1 Facility
Engine Test Stand Number 1

flight simulated environment.

- Originally designed lor the test of a 60,000 LbF, 1 GW engine with a 300 & run time
- Upgrade to 75,000 LbF engine not compleled.

- Test stand d to an ur ground control point buitding by a 1150 R tunnel.
- Cryogenic dewsar and High Pressuie gas vessol tank farm

- Interconnecting process piping

- Engine compartment radiation shield

- Dittuser/Ejactor axhaust duct

- 25 Mgal demineralized deluge and cooling waler storage tank.

- Cooling water drainage dilch

- Instrumentation and Controls, ganeral utilities and support systems

- 160 11, 100 1on sluminum steucthirs suppnrting a 72,000 gal 50 psig. LH2 vacuum jacke
insicumentation and Controls terminahions, and an elevalor.

- Below grade pipe chase

- Exhaust gas duct vault

- Mechanical and etectiical squipment room

- 3 It wide by 40 #t high by 100 li long concrete shadow shield

- Process piping and distribution systam

» Ihe Control Point Building consists of.
- Underground siructure partitionod lor control and recording data 1oduction
- 2000 channeis of daia available
- Above ground squipment room
- HV & AC capability for ait of FT1S-1

-1 & C cabtino. steam lines. and AC ducis in shielded lunnel
MV s, 10O

Generai Description:
- Bullt in 19686 for the ground dovelopment testing ol a downward firing NEAVA-type engine ina

ted run tank,

Los Alamos
Facilities Cost Summary ($M)
Cost ltem E-MAD ETS-1 R-MAD Railroad | Subtotal
Basic Faclility 17.574 50.930 2473 0.624 71.601
indirect 8.435 25.000 1.187 0299 | 34.921
Home Office 7 6.502 22.500 0.915 0.231 30.148
NEPA Documentation 1.500 1.000 0.250 0.250 3.000
Safely Analysis 2.000 4.200 0.085 0.500 6.785
Security Plan ] 0.500 0.000 | ~0000_ 0.000 0.500
Construction Management 3.576 9.800 0.503 0.127 14.006
Inspection 0000 3.800 0.000 0.000 3.600
Profit 3.251 9.800 0.458 0.115 13.624
Contingency 5.364 51.000 1.258 0.190 57.812
Management Reserve B 3576 13.000 '__9.503 0127 | 11.?(_)9
subtotal 52278 | 191000 | 7632 | 2463 | 253403
" 209 Los Alamos
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